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The reactions of O2z with methyl benzoate have been examined by the measurement of
negative ion chemical ionization (NICI) mass spectra using a CI source, with confirmatory
studies carried out on a Fourier transform ion cyclotron resonance mass spectrometer.
Reaction mechanisms have been elucidated using isotopically labeled esters. Nucleophilic
attack at the carbonyl carbon and the aromatic ring were important reaction pathways.
Nucleophilic attack at the carbonyl carbon was followed by the production of products
(C6H5CO2
2 and CH3OCO2
2) characteristic of radical, b-fragmentation. Using 18O-labeled
methyl benzoate, the SN2 reaction was found to account for a smaller percentage, 21(61)%, of
the benzoate product. Aromatic ring attack resulted in formation of [M 1 O 2 H]2 and [M 2
2H]2z ions. Although aryl hydrogens accounted for most H2
1z abstracted by O2z, evidence for
abstraction of HarylHalkyl
1z and HalkylHalkyl
1z was also found. Although present at much lower
abundance, dehydrobenzoate, dehydrophenoxy, and C7H6
2z ([M 2 2H 2 CO2]
2z) radical an-
ions were also observed. An Haryl/Halkyl exchange associated with formation of the benzoate
anion was attributed to an Halkyl abstraction that occurred within the methanol/dehydroben-
zoate ion–dipole complex. The [M 2 2H]2z, dehydrobenzoate, dehydrophenoxy, and [M 2
2H 2 CO2]
2z ion signals were quenched by reaction with O2. Conditions required for
production of O2z spectra under NICI conditions were also examined. (J Am Soc Mass
Spectrom 2001, 12, 694–706) © 2001 American Society for Mass Spectrometry
The gas-phase reactions of the oxide radical anionO2z have stimulated the interest of researchersbecause this ion, a strong gas-phase base (PA 5
1599 kJ/mol) and radical, reacts in diverse ways with
organic molecules [1]. In addition to deprotonation, O2z
reactions include H2
1z abstractions, H atom displace-
ment from aromatic rings, and nucleophilic substitu-
tions and eliminations [1, 2]. O2z has been used to
synthesize unusual gas-phase organic ions, such as
o-benzyne [3, 4] and carbenes [5]. In O2z negative ion
chemical ionization (NICI), O2z reaction products pro-
vide more structural information than those generated
by other strong gas-phase bases [2].
The reactions between O2z and a variety of aliphatic
carbonyl-containing compounds have been studied by
O2z NICI, Fourier transform ion cyclotron resonance
(FT-ICR), and flowing afterglow (FA) mass spectro-
metry [1]. Most studies have focused on the reactivity of
aldehydes and ketones, while a more limited number of
esters have been studied. The O2z NICI mass spectra of
fatty acid methyl esters and triacylglycerols have been
reported, with spectra dominated by carboxylate ion
formation, deprotonation, and loss of HOCH3 from
[M 2 H]2 [6]. The reaction between O2z and methyl
formate has been studied using FT-ICR [7–9], and these
studies have shown products resulting from proton
transfer, H2
1z transfer, and SN2 and BAC2 reactions.
H-atom transfer (to produce OH2) and an endothermic
a-elimination process (to produce OCH3
2) were also
observed. A detailed FT-ICR study by van der Wel and
Nibbering [8] revealed that H-atom transfer and a-elim-
inations were favored over other processes when using
O2, instead of N2O, as the O
2z precursor. This effect was
attributed to the excess kinetic energy acquired upon
production of O2z by dissociative electron attachment
from O2. The reactions of O
2z with a few methyl esters
of aliphatic acids (methyl pivalate, methyl trifluoroac-
etate, and methyl acrylate) [7, 9] have also been re-
ported. The reactions of esters of aromatic acids have
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not been the subject of detailed study, with one report
of the O2z spectrum of methyl benzoate [9].
Controlling reaction conditions is particularly im-
portant when studying O2z reactions. Previous studies
have shown that the identification of the primary
products of O2z reactions may be complicated by
factors that include the choice of precursor gas, the
presence of contaminants (neutral or ionic), second-
ary reactions of a product ion, and associative detach-
ment reaction pathways [1]. FT-ICR studies have
shown that product ion distributions may vary when
different precursor gases, N2O or O2, are used to
generate O2z [8], and N2O pressure has also been
found to influence ion yields [10]. Differences in rate
constants and product distributions have also been
observed when the results from low pressure FT-ICR
techniques are compared with thermally equilibrated
FA results. O2z spectra of aromatics, measured under
NICI and atmospheric pressure ionization (API) con-
ditions have been compared, and [M 2 2H]2z prod-
ucts have been absent under API conditions [11].
When using N2O as the precursor gas, N2O itself may
participate in secondary reactions with O2z or with
primary O2z reaction product [12, 13]. Neutral con-
taminants, such as O2 or CO2, may react with primary
reaction products. For example, the o-benzyne radical
anion is quenched by O2 and reacts with CO2 to form
the dehydrobenzoate anion [14]. Contaminant ions,
such as OH2 or O2
2z, may produce products through
competing reactions. Under NICI conditions gas con-
tamination with oxygen (EA 5 0.451 eV) [15] can be a
particular problem because NO2 (EA 5 0.026 eV)
[15], formed by reaction of O2z with N2O, can un-
dergo charge exchange with O2 to produce O2
2z (see
reaction 1):
N2O 1 e
23 O2z 1 N2 (1a)
O2z 1 N2O3 NO
2 1 NO (1b)
NO2 1 O23 O2
2z 1 NO (1c)
In previous studies we have also found that the use of
oxidizing gases under NICI conditions can result in the
alteration of neutrals prior to ionization by reactions on
surfaces within the ion source [16]. For example, phtha-
lates are converted to phthalic anhydride, and methyl
group and aromatic ring oxidations have been ob-
served. Using chromatography for sample introduction,
this route can be identified by peak tailing when ion
intensity is monitored as a function of elution time.
In this paper, we report on a detailed study of the
reactions between O2z and methyl benzoate. Using the
isotopically labeled analogs shown in Figure 1, reac-
tions with O2z have been characterized. Experiments
have been carried out under NICI conditions using a
conventional CI source and using a FT-ICR mass spec-
trometer. As part of this study, conditions necessary to
determine the primary products of the O2z reaction
under NICI conditions were examined.
Experimental
NICI mass spectra were measured using an HP 5988A
GC/MS system. The ion source temperature was varied
between 100 and 200 °C, and was maintained at 200 °C
for most measurements. The ion source pressure, mon-
itored with a capacitance manometer (MKS Instru-
ments, Andover, MA), was in the range of 0.60–0.90
torr for all experiments. Electron energy was varied
between 90 and 200 eV, and was held at 100 eV for most
experiments. The emission current was 300 mA. The
cylindrical ion source volume was decreased to reduce
ion source residence time (volume/volumetric flow
rate) in an attempt to minimize secondary reactions.
The source volume was reduced by decreasing the
radius of our cylindrical source in steps from 0.5 to 0.22
to 0.15 cm (h 5 0.33 for all sources). Reported spectra
were measured with the r 5 0.22 cm, h 5 0.33 cm
source. Samples were introduced through a gas chro-
matograph equipped with an AT-1 column (30 m,
0.25 i.d., 0.25 mm film thickness—Alltech, Deerfield, IL).
Isothermal conditions (T 5 70 °C) were used to induce
peak broadening and increase the number of scans (a
minimum of 15) collected across each chromatographic
peak. These conditions also provided chromatographic
resolution of methyl benzoate from benzoic acid. He-
lium (UHP, Linde Specialty Gases, Cleveland, OH) was
used as the carrier gas after purification with moisture
and oxygen removing traps (Alltech, Deerfield, IL).
Nitrogen, helium, argon, oxygen (UHP, Maine Oxy),
and nitrous oxide (Airgas, Salem, NH), were used as
reagent gases. Reported spectra were measured using
5% N2O in He.
FTICR experiments were performed on an Ultima
FT-ICR (Ion Spec, Irvine, CA) at the University of
Maine. The magnetic field strength was 7 tesla, the
instrument base pressure is 10210 torr, and the cell
temperature was ambient. The trapping plates were
held at 24 V for all experiments. The O2z ion was
generated by introducing a short, 2 ms pulse of N2O,
which briefly elevated the cell pressure to approxi-
mately 1027 torr, as measured with a Granville-Phillips
ionization gauge (calibrated with N2). The electron
beam (electron energy 5 10 eV, emission current 5 5
Figure 1. Structures of the isotopically labeled methyl benzoates
used in this study.
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mA) was pulsed into the cell for 550 ms. These condi-
tions produced the optimum signal for O2z. No signals
from other ions were observed following this initial
ionization pulse and, consequently, no ion isolation
techniques were used. At 660 ms the methyl benzoate
pulse valve was opened for 0.5 to 35 s. The instrument
pressure was elevated to 3 3 1028 torr during methyl
benzoate introduction. After a delay for pressure reduc-
tion, ions were detected using an rf sweep excitation
over the range of m/z 5 15–400. Reported spectra are
the average (n 5 10) of 64k data point transients. One
zero fill was used prior to Fourier transformation.
Methyl benzoate was introduced after degassing with
freeze–pump–thaw cycles.
Methyl benzoate (99%, Aldrich) was used in NICI
and FT-ICR studies without further purification. Tri-
deuteromethyl benzoate (2) was prepared by the acid-
catalyzed esterification of benzoic acid (99.5%, Aldrich)
with CD3OD (99.8% D, Cambridge Isotopes). Methyl
benzoate-ring-d5 (3) and methyl benzoate-carboxy-
13C
(7) were synthesized by the acid-catalyzed esterification
of benzoic-d5 acid (98% D, Cambridge Isotopes) and
benzoic-carboxy-13C acid (99% 13C, Cambridge Isotopes),
respectively, with methanol. Methyl [18O2]benzoate (5)
and trideuteromethyl [18O2]benzoate (6) were synthesized
from [18O2]benzoic acid. The [
18O2]benzoic acid was syn-
thesized from trichlorotoluene (Aldrich) and water–18O
(95% 18O, Aldrich) using a procedure reported by Shapiro
and Tomer [17]. The corresponding esters were prepared
by reacting the [18O2]benzoic acid with n-butyllithium in
dry THF, followed by addition of either methyl iodide
(Aldrich) or trideuteromethyl iodide (99.51% D, Aldrich)
and DMF. The same esterification procedure was used to
synthesize [13C]methyl benzoate (4) from benzoic acid and
13CH3I (99%
13C, Aldrich). Products have been character-
ized by electron ionization/gas chromatography/mass
spectrometry (EI/GC/MS), and freshly diluted samples
showed no evidence for hydrolysis to benzoic acid.
The 18O-labeled compounds (5,6) have been used to
distinguish BAC2 and SN2 reactions at the ester group.
The % BAC2/SN2 was determined by first assessing the
initial 18O composition of the 18O-labeled methyl ben-
zoate (under EI conditions), and then measuring the
PhC16O2
2, PhC18O16O2, PhC18O2
2 (m/z 121, 123, 125)
peak distribution resulting from reaction with O2z. The
% BAC2 value was determined by fitting the experimen-
tal m/z 121, 123, 125 distribution to a distribution
calculated from the initial 18O distribution and the
change produced by the BAC2 reaction. A x
2-minimiza-
tion procedure was used to vary the % BAC2 to generate
a calculated distribution that best fit the experimental
results. No isotope effects were included in the model.
Results and Discussion
Experimental Conditions
Before discussing details of the O2z mass spectra, some
comments regarding the NICI reaction conditions we
have used are in order. When generating O2z under
NICI conditions a buffer gas, typically N2, is ionized
with high energy electrons (100–200 eV) to produce
secondary electrons that are further reduced in energy
by collisions with the buffer gas [2]. These electrons
subsequently undergo dissociative electron capture by
N2O. In our work we evaluated N2, He, and Ar as the
NICI buffer gas, and have also made use of three
cylindrical ion sources that, by virtue of their increas-
ingly smaller diameters, had smaller volumes, shorter
characteristic diffusion length, and shorter neutral gas
residence times (volume/volumetric flow rate). Be-
cause of the high charge density and low repeller and
drawout potentials used for typical NICI studies, ions
exit the source entrained in the buffer gas [18]. In a
previous study we found that secondary source reac-
tions can be minimized when using a lower volume CI
source [19]. In this study we have taken care to exclude
oxygen, water, and hydrocarbon impurities from the
precursor (N2O) and buffer gases (N2, He, and Ar), and
we did not carry out experiments when contaminant
ions (OH2 and O2
2z, for example) were detected. In
Figure 2, spectra a, c, and e show the background prior
to peak elution. In the following discussion, the FT-ICR
mass spectrum of methyl benzoate (Figure 3a) provides
Figure 2. O2z/N2O NICI mass spectra of methyl benzoate show-
ing background prior to peak elution (a, c, e) and background
subtracted spectrum (b, d, f). (a and b) He buffer gas, 4.9% N2O,
V 5 0.050 cm3 ion source; (c and d) N2 buffer gas, 8.1% N2O, V 5
0.022 cm3 ion source; (e and f) N2 buffer gas, 1.1% N2O, V 5
0.050 cm3 ion source. Ion source temperature 5 200 °C.
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a useful reference point. Note that signals from OH2,
OCH3
2, C6H5
2, and [M 2 H]2 were not observed under
FT-ICR conditions (reaction times greater than 0.5 s).
When using He as the buffer gas, the O2z NICI mass
spectrum closely resembles the FT-ICR spectra (com-
pare Figures 3a and 2a). Discrepancies in relative ion
abundance will be described below. In the O2z/
N2O/He spectra, signals from OH
2, OCH3
2, C6H5
2, and
[M 2 H]2 were weak or not observed, and no signifi-
cant spectral variations were observed when the per-
centage of N2O was increased to 20%. Similar results
were obtained when using Ar as the buffer gas. In
contrast, spectra measured using N2 as the buffer gas
were quite different. Spectra measured using the small-
est and intermediate volume ion sources are shown in
Figure 2D, F. The O2z/N2O/N2 spectrum of methyl
benzoate measured using the lowest, not intermediate,
volume ion source most closely resembles the FT-ICR
spectrum (see Figures 2d and 3a); however, under NICI
conditions signals for C6H5
2 and [M 2 H]2 are present.
In the larger volume, longer-residence time source we
also consistently observed OH2, OCH3
2, C6H5
2, and
[M 2 H]2 signals in the O2z/N2O/N2 spectrum (see
Figure 2f). The mechanisms responsible for formation of
these products are described below. In addition, when
using the larger source and when the percentage of N2O
Figure 3. FT-ICR mass spectrum of methyl benzoate. (a) Reaction time 5 2 s, average of 10 scans; (b)
reaction time 5 15 s, average of 5 scans.
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was increased in either source, we observed an increase
in the abundance of ions at m/z 93, 107, 121, and 165.
The ions at m/z 93 and 121 may result from reactions
between N2O and C6H5
2, as shown in eq 2:
OO3
C6H5O
2
m/z 93 1 N2
(2a)
C6H5
2
m/z 77 1 N2O—–
OO3
C6H5N2O
2
m/z 121 (2b)
The reactions shown in eq 2 are well-documented [12],
and our measurements with the labeled benzoates
support the assignments with appropriate shifts in
mass. The source of the m/z 107 and 165 peaks is less
clear. Spectra of the labeled benzoates indicate that
these ions correspond to [C6H5 1 30]
2 and
[C6H4CO2CH3 1 30]
2. The 30 Da addition may corre-
spond to NO, and the [C6H5 1 30]
2 (m/z 107) peak may
be the nitrosobenzene anion.
Another feature of the N2O/N2 spectra should be
mentioned. We also observed low mass ions at m/z 26
and 42 in the methyl benzoate spectrum (see Figure 2D,
F). Initial production of m/z 26 and 42 (presumably CN2
and NCO2) occurred in conjunction with elution of
methyl benzoate from the column; however, the inten-
sity of these low mass ions remained elevated and
persisted, decreasing only slowly with time, following
peak elution. The temporal behavior of these ionic
signals with respect to elution of the chromatographic
peak, indicates that m/z 26 and 42 do not result from a
gas-phase, ion–molecule reaction with the sample. The
production of the carbon-containing CN2 and NCO2
may result from reactions with the filament or filament-
derived species, or result from a surface-catalyzed re-
action that would result in continued, although decreas-
ing, production of these ions following ventilation of
methyl benzoate from the source. We have observed
similar behavior, with respect to formation of carbon-
containing ions in N2, in a previous study [20].
In our study we have also found that the spectrum of
methyl benzoate is sensitive to the presence of O2.
While carrying out experiments on the FT-ICR, we
found that the intensity for m/z 121 (the benzoate anion)
continued to increase with reaction time after signals for
[M 1 O 2 H]2, [M 2 3H]2, C6H5O
2, and CH3OCO2
2
had reached a constant intensity level (see Figures 3B
and 4). We also found that signals for radical anions,
including [M 2 2H]2z, [M 1 O 2 HOCH3]
2z, C6H4O
2z,
and [M 2 2H 2 CO2]
2z, decreased or were not ob-
served at long reaction times (see Figure 3B). The
appearance of a signal for O2
2z suggested that O2 was
present as a contaminant in our system. In a previous
study, McDonald and Chowdhury [21] found that O2
2z
reacts with simple methyl esters as a “super” SN2
nucleophile, and this behavior has also been observed
in reactions with alkyl esters of benzenedicarboxylic
acids [22, 23]. As described in more detail in another
publication [24], we have found that O2
2z reacts with
methyl benzoate predominantly via an SN2 reaction to
produce the benzoate anion at m/z 121. The reaction
with O2
2z accounts for the higher relative abundance of
m/z 121 in the FT-ICR spectrum. We have also found
that O2 reacts preferentially with radical anions pro-
duced by primary O2z reactions with methyl benzoate,
and this reactivity accounts for the lower abundance of
the [M 2 2H]2z, [M 1 O 2 HOCH3]
2z, C6H4O
2z, and
[M 2 2H 2 CO2]
2z ions in the FT-ICR spectrum of
methyl benzoate.
The O2z/N2O/He spectrum of methyl benzoate
showed some variations with ion source pressure and
temperature. An increase in total ion source pressure
over the range of 0.35 to 0.8 torr did not affect the
abundance of [M 1 O 2 H]2 relative to [M 2 2H]2z;
however, the relative abundance of [M 1 O 2 OCH3]
2
to CH3OCO2
2 decreased [m/z 121/75 ratio decreased
from 11.7 (60.5) to 8.8 (60.5)]. A decrease in ion source
temperature from 200 to 100 °C produced the most
significant change in the relative abundance of the
[M 2 2H 2 CO2]
2z ion, which decreased to a relative
abundance of 0.5% at 120 °C. Smaller decreases were
observed in the relative abundance of C6H5O
2,
C6H4O
2z, and CH3OCO2
2.
We have also compared the spectrum of methyl
benzoate reported in this work with an FT-ICR spec-
trum that was reported as part of a study by Van der
Wel and Nibbering [9]. In the previous work, 18O2z from
N2
18O reacted with methyl benzoate to give [M 1
18O 2 H]2 (31%), [M 2 H2]
2z (7%), C6H5CO
18O2
(12%), C6H5CO2
2 (6%), C6H5
18O2 (5%), C6H4O
2z (3%),
C7H6
2z (3%), C6H5
2 (4%), and H18O2 (29%). In contrast
with our results, hydroxide was a significant product
and we have detected additional peaks at [M 1 O 2
CH3]
2, [M 1 O 2 HOCH3]
2z, and CH3OCO2
2 that were
not reported in the previous work.
Figure 4. Relative ion abundance as a function of reaction time
for the reaction of O2z with methyl benzoate as measured by
FT-ICR.
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In summary, we have found that using N2 as the
NICI buffer gas results in the production of ions includ-
ing OH2, OCH3
2, C6H5
2, and [M 2 H]2 in the O2z/N2O
spectrum of methyl benzoate. We believe that subse-
quent reactions with N2O, under conditions where the
source residence time is longer or the percentage of N2O
is higher, results in formation of secondary products
with abundances that vary with experimental condi-
tions. The initial production of OH2, OCH3
2, C6H5
2, and
[M 2 H]2, which are products of reactions character-
ized by higher energy requirements (see below), may
result from reactions with superthermal O2z, although it
is not clear at this point why the production of these
species results from the use of N2. Spectra measured
using He as the buffer gas showed products of lower
energy reactions and reflected primary reactions with
O2z.
Reactions of O2z With Methyl Benzoate
Figure 1 shows the isotopically labeled methyl benzo-
ates that have been used in this study. Representative
O2z spectra, measured using N2O in He, are shown in
Figure 5 and tabulated relative abundances are reported
in Table 1. Representative FT-ICR mass spectra of
methyl benzoate are shown in Figure 2, and exact mass
measurements are reported in Table 2. Spectra of the
18O-labeled compounds (5,6) have been used to distin-
guish BAC2 and SN2 reactions at the ester functionality.
Ions Resulting from O2z Attack at the Carbonyl
and Alkyl Carbon
Nucleophilic reactions at the ester functionality can
involve addition–elimination at the carbonyl carbon,
which we will designate as BAC2 (see Scheme 1), or
displacement of the benzoate anion from the alkyl
carbon (SN2—Scheme 2). Dissociative electron transfer
from O2z to produce the benzoate anion is endothermic
(DH°rxn 5 1162.7 kJ mol
21) [15] and was not considered
a viable mechanism. Addition–elimination at the car-
bonyl carbon can be followed by elimination of the
methoxy radical to give the benzoate anion, or by
elimination of the phenyl radical to produce the methyl
carboxylate anion at m/z 75. This latter assignment is
supported by ions observed in spectra of the labeled
benzoates and the FT-ICR exact mass measurements
(see Table 2). The products of the addition–elimination
reaction, benzoate and methyl carboxylate, reflect a
radical b-fragmentation mechanism, and this mecha-
nism clearly dominates over an anionic displacement
mechanism, which would produce phenide and me-
thoxide (see Scheme 3). Using N2O/He to produce O
2z,
methoxide and phenide were present at abundances
less than 1%, although higher abundances were ob-
served when using N2O/N2. On the FT-ICR, methoxide
and phenide were not observed. The lower exothermic-
ity for production of methoxide (DH°rxn 5 238 kJ
mol21) [15] compared with benzoate (DH°rxn 5 2216 kJ
mol21) [15] reflects the lower EA of the methoxide
radical (EA 5 1.6 eV) [15] compared with the benzoate
radical (EA 5 3.45 eV) [15]. The predominance of a
radical b-fragmentation mechanism is in accord with
previous work with other radical anions, including
various carbenes [25] and phenyl nitrene [26].
[M 1 O 2 OCH3]
2 ions. The percentage of the benzo-
ate anion, [M 1 O 2 OCH3]
2, produced by an SN2 vs.
BAC2 reaction mechanism, was assessed by measuring
the spectra of two 18O2-labeled methyl benzoates (5 and
6; see Figures 1 and 4). We find that the SN2 route
accounts for production of 21 (61)% of the observed
benzoate product for methyl [18O2]benzoate, and 20
(61)% for trideuteromethyl 18O2-benzoate. The remain-
ing 79 (61)% for methyl [18O2]benzoate is produced by
the addition–elimination route shown in Scheme 1.
When the relative abundance of the methyl carboxylate
anion (m/z 75—intensity uncorrected for mass discrim-
Figure 5. O2z/N2O/He NICI mass spectra of (a) trideutero-
methyl benzoate (2), (b) methyl benzoate-ring-d5 (3), (c) methyl
[18O2]benzoate (5), and (d) trideuteromethyl [
18O2]benzoate (6).
Ion source temperature 5 200 °C, 7.1% N2O/He.
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ination effects) is added to the component of the ben-
zoate signal resulting from the BAC2 reaction, the total
BAC2 component increases to 81%.
The SN2/BAC2 partitioning has been assessed for the
reaction of OH2 with methyl benzoate in a previous
study by Takashima and Riveros [27]. We have com-
pared these results with 18OH2/H2
18O measurements
made on our system and with FT-ICR measurements
(using FT-ICR conditions described in a previous study
[22]), and with 16OH2 results for the 18O2-labeled com-
pounds used in this study. A summary of these results
can be found in Table 3. Our results for the reaction of
18OH2 with methyl benzoate are not significantly dif-
ferent from those reported previously [27], and we find
that the percent BAC2 we observe for O
2z (81%) is
significantly lower than that observed for OH2 (Table
3).
This data regarding SN2/BAC2 partitioning for O
2z
and OH2 provides an opportunity to compare the
reactivity of the O2z radical anion with the anion. Born
et al. [28] have found that carbene radical anions
(CHX2z, with X 5 F, Cl, and Br) undergo less efficient
SN2 reactions with chloro- or bromomethane when
compared with the corresponding CH2X
2 anions. In
reactions with a few carbonyl compounds, the radical
anions reacted less efficiently and showed a smaller
percentage of the SN2 pathway compared with the
corresponding carbanions. It has been proposed that
the energy barrier for SN2 reactions involving anions
should be influenced, in part, by electron affinity dif-
ferences between neutral forms of the reactants [29]. In
the study by Born et al. [28], where the electron affinity
of the neutral carbene was higher than the electron
affinity of the neutral radical, the larger electron affinity
difference associated with the carbene radical anion
correlated with the lower propensity for SN2 reactivity.
Table 1. Relative abundances of ions in the O2z spectra of methyl benzoate and isotopically labeled analogs
a
[M 1
O 2 H]2
[M 1
O 2 R]2 [M 2 2H]2z
b
[M 2 3H]2
c
[M 1 O 2
OR]2
[M 1 O 2
HOR]2 C6H5O
2 C6H4O
2z C7H6
2z ROCO2
2
C6H5CO2CH3
(1)
38 3.1 18 1.8 26 2.2 2.2 0.9 1.4 3
C6H5CO2CD3
(2)
36 3.1
e
18
e
0.8 27 2.3 3.0
f
1.3
g h 4
C6D5CO2CH3
(3)
38 3.1 10
i
1.0 33
j
1.2
k
2.2 0.4 0.6/0.6
l
3
C6H5CO2
13CH3
(4)
37 3.1 17 2.0 26 2.4 2.4 1.1 1.6
d
3
d
C6H5
13CO2CH3
(7)
37 3.0 17 2.2 26 2.8 2.4 1.1 1.7 3
d
a
Ion source temperature 5 200 °C; ion source pressure 5 0.9 torr, 7% N2O in He. Abundances corrected for
13C-isotope contributions and incomplete
labeling; n 5 3, R 5 CH3, CD3, or 13CH3.b
Total [M 2 2H]2z, with contributions from [M 2 2Haryl]
2z, [M 2 HarylHalkyl]
2z, and [M 2 2Halkyl]
2z.
c
[M 2 2Halkyl 2 Haryl]
2.
d
One 13C has been incorporated.
e
Contributions have been corrected based upon [M 2 2H]total
2z /[M 1 O 2 CH3] from methyl benzoate; [M 2 2Haryl]
2z 5 15%; [M 2 HarylHalkyl]
2z 5
2.0%; [M 2 2Halkyl]
2z 5 0.6%.
f
Contributions from C6H5O
2z and C7H3D3
2z.
g
Contributions from C6H4O
2z and C7H4D2
2z.
h
Signals (C7H3D3
2z and C7H4D2
2z) are isobaric with C6H5O
2 and C6H4O
2z.
i
Contributions corrected based upon [M 2 2H]total
2z /[M 2 3H] from methyl benzoate; [M 2 2Haryl]
2z 5 8%; [M 2 HarylHalkyl]
2z 5 1.5%; [M 2 2Hal-
kyl]2z 5 0.7%.
j
m/z 125 (2.1%) also observed.
k
[M 1 O 2 DOCH3]
2z.
l
C7D3H3 and C7D4H2.
Table 2. FT-ICR exact mass measurements for ions produced by the reaction of O2z with methyl benzoate
Ion Formula
Calculated mass
(Da)
Measured mass
(Da)
Difference
(mDa)
[M 1 O 2 H]2 C8H7O3
2 151.0401 151.0537 13.6
[M 1 O 2 CH3]
2 C7H5O3
2 137.0244 137.0355 11.1
[M 2 2H]2z C8H6O2
2z 134.0373 134.0487 11.4
[M 2 3H]2 C8H5O2
2 133.0295 133.0333 3.8
[M 1 O 2 OCH3]
2 C7H5O2
2 121.0295 121.0379 8.4
[M 1 O 2 HOCH3]
2z C7H4O2
2z 120.0217 120.0287 7.0
[M 1 O 2 CO2CH3]
2 C6H5O
2 93.0346 93.0407 0.8
[M 1 O 2 HCO2CH3]
2z C6H4O
2z 92.0268 92.0340 7.2
[M 2 2H 2 CO2]
2z C7H6
2z 90.0475 90.0530 5.5
[M 1 O 2 C6H5]
2 C2H3O3
2 75.0088 75.0127 3.9
CO2H
2 CO2H
2 44.9982 45.0000 1.8
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In our study, transition states for both the SN2 and
BAC2 reaction pathways may be influenced by the
radical character of O2z, and the greater reaction en-
thalpy for the O2z reaction (DH 5 2189.1 kJ mol21 for
OH2; 2216.5 kJ mol21 for O2z [15]), may also influence
the barrier height. With these limitations in mind, we
note that the higher percentage of SN2 reaction associ-
ated with the O2z radical anion correlates with the
lower electron affinity of the O2z atom (EA 5 1.46 eV)
[15] compared with the OH radical (EA 5 1.83 eV) [15],
which may be related to lower SN2-type reactivity for
OH2 if the change from O2z to OH2 more significantly
influences the SN2 barrier height. This behavior is
similar to that observed by Born et al. [28], although, in
our case, the higher percentage of SN2 reaction is
associated with the radical anion.
[M 1 O 2 HOCH3]
2z ions. The O2z spectrum of
methyl benzoate also shows a peak at m/z 120, with the
formula C6H4CO2
2z as verified by labeling experiments
and exact mass measurements on the FT-ICR. This ion,
presumably formed by loss of methanol following O2z
attack, is most likely the dehydrobenzoate anion (see
Scheme 4). Formation of this product is expected to be
exothermic (DH°rxn 5 2220 kJ mol
21) [15] for produc-
tion of, arbitrarily, the ortho isomer. The intensity of
this peak, measured relative to [M 1 O 2 OCH3]
2, is
about half that of the compounds 1 and 2 (see Table 4).
The 18O-labeled benzoates (5 and 6) show a higher
relative abundance for the [M 1 O 2 H18OR]2z peak,
which is associated with the BAC2 reaction (see Table 4),
compared with that observed for methyl benzoate,
where contributions from BAC2- and SN2-type reactions
are unresolved. In contrast, when the [M 1 O 2
HOCH3]
2z peak at m/z 124 associated with the SN2
reaction product is scaled relative to the intensity of the
SN2-derived [M 1 O 2 OCH3]
2 ion 5 100%, it is lower
[7(61)%] than that observed for methyl benzoate. These
observations suggest that the dehydrobenzoate anion is
formed more readily in conjunction with the BAC2-type
loss of the methoxy group. We have also found that the
m/z 120 ion is quenched by reactions with O2 and that it
appears to be unreactive towards CO2 under NICI
conditions. The loss of both the alcohol and alkoxy
radical have also been observed in the reaction of the
CHNC2z radical anion with ethyl formate [30].
The mechanism that is best supported by our data is
shown in Scheme 5. In this mechanism the O2z ion
abstracts hydrogen from methyl benzoate to produce
OH2, which then reacts by the BAC2 or SN2 mechanism
with loss of methanol to give the dehydrobenzoate
anion. An isotope effect that raises the barrier for the
initial H-atom abstraction provides an explanation for
the lower relative abundance for the [M 1 O 2
DOCH3]
2z ion from ring-deuterated methyl benzoate, 3,
and is consistent with the lower [M 2 2D]2z abundance
for this compound (see Table 1). This mechanism also
provides justification for the higher dehydrobenzoate
yield associated with loss of H18OCH3 vs. HOCH3 from
18O-labeled 5. As described above, OH2 has a higher
propensity for BAC2 attack, and this would lead to a
higher percentage of the total dehydrobenzoate anion
being produced by loss of H18OCH3. The unreactivity of
the m/z 120 product towards CO2 is consistent with
previous studies [14] that characterized reactions of the
dehydrobenzoate anion.
Scheme 1
Scheme 2
Scheme 3
Table 3. Percent BAC2
a
in the reaction of OH2 with methyl
benzoate
NICI
b
FT-ICR
c
ICR/
literature
d
18OH2/C6H5CO2CH3 93 (61)
e
93 (61) 92 (65)
18OH2/C6H5CO2CD3 94 (61)
e
OH2/C6H5C
18O2CH3 98 (61)
e
, 97 (61)
f
OH2/C6H5C
18O2CD3 97 (61)
f
a
For 18OH2 reactions, percent BAC2 5 {[M 1
18OH 2 HOCH3]/([M 1
18OH 2 HOCH3] 1 [M 1
18OH 2 H18OCH3])} 4 {[
18OH2]/([18OH2] 1
[16OH2])} 3 100; for OH2 reactions, see Experimental.
b
The 18OH2 from H2
18O (1%) 1 N2O (3%) 1 He (68%);
16OH2 from N2O
(5%) 1 CH4 (95%).c
Measurements made on the instrument described in [22]. Cell 5 50 °C,
P 5 1–5 3 1026 torr, H218O (99.5%), electron energy 5 9 eV.d
[27].
e
Ion source temperature 5 100 °C.
f
Ion source temperature 5 200 °C.
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[M 1 O 2 HarylOCH3 1 Halkyl]
2 ions. Spectra of the
ring-d5 (3) and trideuteromethyl (2) benzoates display
additional information relevant to the formation of the
benzoate and, possibly, the dehydrobenzoate anion.
The spectrum of ring-deuterated benzoate, 3, shows a
peak at m/z 125, that appears in addition to the benzo-
ate, [M 1 O 2 OCH3]
2 (m/z 126) and dehydrobenzo-
ate, [M 1 O 2 DOCH3]
2 (m/z 124) anions. The m/z 125
peak corresponds to the C6D4HCO2
2 benzoate anion.
Formation of this peak requires an aryl hydrogen–alkyl
hydrogen exchange en route to production of the ben-
zoate anion. Evidence supporting an aryl–alkyl hydro-
gen exchange is also found in spectra of the trideu-
teromethyl compounds 2 and 6. An [M 1 O 2
HOCD3 1 D]
2 peak is detected for 2, following correc-
tion for 13C contributions, and an [M 1 O 2
H18OCD3 1 D]
2 peak is detected for 6 (see Table 4).
The incorporation of deuterium from the methoxy
group, coupled with the absence of any H/D exchange
associated with other peaks in the spectrum, also elim-
inates the possibility of any H/D exchange reactions
prior to or following ionization. The mechanism shown
in Scheme 6 rationalizes the Haryl 2 Halkyl exchange as
proceeding after production of the dehydrobenzoate–
methanol ion–dipole complex. An Halkyl-atom abstrac-
tion by the radical site on the aromatic ring would
produce the hydroxymethyl radical (DH°f 5 29 6 4 kJ
mol21) [15], which is more stable than the methoxy
radical (DH°f 5 17 6 4 kJ mol
21) [15].
Ions Resulting from O2z Addition to the Aromatic
Ring
Two peaks in the O2z spectra of methyl benzoate, [M 1
O 2 H]2 and C6H5O
2, result from oxide addition to the
aromatic ring. In addition, an [M 1 O 2 CH3]
2 ion
may also result from aromatic ring attack. Associated
with the C6H5O
2 peak is the C6H4O
2z radical anion.
[M 1 O 2 H]2 ions. The [M 1 O 2 H]2 peak is a
product characteristic of the reaction of O2z with aro-
matic systems [1, 2]. This peak is the most abundant
product observed in the O2z NICI mass spectrum of
methyl benzoate. The relative abundance of this peak in
the spectrum of ring-deuterated methyl benzoate (3) is
not significantly different from that observed for the
other methyl benzoate analogs. This suggests that oxide
addition, not hydrogen loss, is rate determining, as has
been proposed for benzene [4]. Three isomeric products
may be generated by the displacement of hydrogen by
O2z (see Scheme 7).
C6H5O
2z and C6H4O
2z ions. Oxide addition at the car-
bonyl-substituted aromatic carbon (IPSO substitution)
followed by radical, b-fragmentation results in dis-
placement of the methyl formyl radical and production
of the phenoxy anion (Scheme 8). Associated with
production of this product is an ion one mass unit lower
at m/z 92. This peak shifts to m/z 96 in the spectrum of
ring-deuterated methyl benzoate and corresponds to
the dehydrophenoxy anion, C6H4O
2z. Although the
relative abundance of the phenoxy anion peak (about
2%—see Table 1) does not vary significantly when the
spectra of methyl benzoate (1) and the ring-deuterated
compound (3) are compared, the C6D4O
2z abundance is
significantly lower for 3, suggesting that formation of
C6H4O
2z may follow a mechanism similar to that de-
scribed above for [M 1 O 2 HOCH3]
2z, where an Haryl
abstraction to form OH2 precedes elimination (see
Scheme 9).
[M 1 O 2 CH3]
2 ions. An ion at m/z 137, resulting
from the net addition of O2z with loss of the methyl
group, is observed in the O2z spectra. We have observed
this peak in FT-ICR experiments, and we have observed
[M 1 O 2 R]2 peaks (R 5 alkyl or aryl group) at m/z
137 in the O2z NICI spectra of other alkyl or aryl
benzoates. Initially, we were concerned that this peak
resulted from a reactions with O2
2z. An m/z 137 peak is
produced when phenyl benzoate reacts with O2
2z under
FT-ICR [31] and NICI [22] conditions, and experiments
with 18O2
2z in these previous studies showed that this
peak results from addition followed by elimination of
the phenoxy radical to give [M 1 O2 2 OPh]
2. The m/z
Scheme 4
Table 4. Peak intensity as a percent of [M 1 O 2 OR]2
a
[M 1 O 2 HOR]2z [M 1 O 2 HarylOR 1 Halkyl]
2
C6H5CO2CH3 (1) 8.7 (60.5) —
C6H5CO2CD3 (2) 8.5 (60.2) 3.2 (60.5)
C6D5CO2CH3 (3) 3.8 (60.1)
b
6.5 (60.2)
C6H5C
18O2CH3 (5) 11.2 (60.8)
c
, 1.8 (60.8)
d
—
C6H5C
18O2CD3 (6) 11.2 (60.9)
c
, 4.3 (60.2)
e
4.3 (60.2)
e
a
Abundances corrected for 13C-isotope contributions and incomplete labeling; n 5 3.
b
[M 1 O 2 DOCH3]
2z, m/z 124.
c
[M 1 O 2 H18OCH3]
2z, m/z 122.
d
[M 1 O 2 HOCH3]
2z, m/z 124.
e
Contributions from [M 1 O 2 HOCD3]
2z and [M 1 O 2 H18OCD3 1 D]
2z.
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137 peak detected here is clearly the result of a different
reaction, as determined by measurement of the O2z
spectra of methyl [18O2]benzoate (5). For this compound
the m/z 137 peak shifts to m/z 141, as expected for [M 1
O 2 CH3]
2, not to m/z 139, which would be expected
for [M 1 O2 2
18OCH3]
2.
Some additional information relevant to formation of
the [M 1 O 2 CH3]
2 ion has been gleaned from the
O2z NICI mass spectra of other aromatic and aliphatic
esters. Three observations are relevant to this discus-
sion. First, we find that the [M 1 O 2 R]2 peak is only
observed when the carbonyl group is attached to an
aromatic ring. This peak is not observed in the spectra
of esters of aliphatic acids or when the carbonyl group
is not conjugated to the aromatic ring. For example, it is
not observed in the spectra of esters of phenyl acetic
acid, although most of the products reported here are
still generated, and the [M 1 O 2 OR]2 signal is pro-
duced with an intensity that is comparable to the [M 2
H]2 peak. Second, production of this product is affected
by substitutents para to the carbonyl group. The prod-
uct is observed in the spectra of benzoates with elec-
tron-withdrawing substitutents, such as NO2, F, or CF3,
but is absent when electron-donating substitutents,
such as N(CH3)2, are present. Third, in the O
2z NICI
mass spectra of alkyl benzoates, the intensity of this
peak increases relative to other products of ring attack,
for R 5 C(CH3)3 and C6H5CH2. Both of these R groups
exhibit enhanced stability, compared with 1° alkyl
groups, when they are found as free radicals. These
observations suggest a reaction mechanism involving
oxide attack at the aromatic ring, with transfer of the
aromatic ring hydrogen to the carbonyl group, followed
by loss of the alkyl radical (see Scheme 10). An intramo-
lecular proton transfer to form the phenol is also
possible. We have not included an initial H-atom ab-
straction for this mechanism because the intensity of
this product was not affected by ring deuteration for
compound 3 (see Table 1). This reaction, shown forming
the more stable ortho product, is very exothermic
(DH°rxn 5 2348.7 kJ mol
21) [15]. An final intramolecu-
lar proton transfer to form the phenol is also possible.
H2
1z Abstraction Reactions
As described above, [M 2 H]2 and OH2 ions were
observed at less than 1% abundance when N2O/He was
used as the buffer gas. In the molecular ion mass region,
the spectra were dominated by [M 2 2H]2z ions, ac-
companied by [M 2 3H]2 ions (described below). Nu-
merous studies have documented H2
1z abstraction reac-
tions by O2z, which is thought to proceed by the
stepwise mechanism shown below:
M 1 O2z3 [M 2 H] 1 OH2 (3a)
[M 2 H] 1 OH23 [M 2 2H]2z 1 H2O (3b)
Initial hydrogen atom abstraction is followed by dep-
rotonation of the [M 2 H]z radical. In many cases the
deprotonation step becomes more thermodynamically
favorable because the [M 2 H]z radical is often more
acidic than the parent neutral [25], and hydroxide is
more basic than O2z. Labeling studies have established
that H2
1z abstraction from benzene results in formation
of the ortho-benzyne radical anion [3, 4, 32]. From the
O2z NICI mass spectra of di- through pentafluoroben-
zenes, it has been found that H2
1z abstraction from tri-
and tetrafluorobenzenes is only important when ortho-
hydrogens are present [33]; however, evidence for the
production of isomeric [M 2 2H]2z ions has been found
Scheme 5
Scheme 6
Scheme 7
Scheme 8
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in the reaction of O2z with monosubstituted benzenes
[32] and 1,2-, 1,3-, and 1,4-H2
1z loss has been reported for
fluorobenzene [34]. For alkyl benzenes, labeling exper-
iments indicate that H2
1z loss may occur exclusively
from the alkyl group [3, 11], or in combination with loss
of ring hydrogens [33]. H2
1z loss from the methyl group
of methyl formate accounted for all hydrogens lost to
form the [M 2 2H]2z radical anion [8].
Methyl benzoate presents opportunities for loss of
either aromatic or aliphatic hydrogens. From the spec-
tra of 2 and 3, in which either the alkyl group or
aromatic ring has been fully deuterated, we can deter-
mine whether aliphatic or aromatic hydrogens are lost
in formation of [M 2 2H]2z. We find evidence for [M 2
2Haryl]
2z .. [M 2 HarylHalkyl]
2z . [M 2 2Halkyl]
2z.
From the spectra of 2 and 3 we can directly determine
the relative abundance of [M 2 HarylHalkyl]
2z and [M 2
2Halkyl]
2z, 2.0 and 0.6% for C6H5CO2CD3 (2) and 1.5 and
0.7% for C6D5CO2CH3 (3). For both 2 and 3, the peak
corresponding to loss of (Haryl)2
1z is isobaric with that of
another reaction product (the [M 1 O 2 CD3]
2z peak
for 2 and the [M 2 2H 2 D]2 peak for 3). Using the
spectrum of methyl benzoate to determine the [M 2
2H]total
2z /[M 1 O 2 CH3]
2 ratio and neglecting isotope
effects, we have corrected the spectra of 2 and 3 to
arrive at the values shown in Tables 1 and 5 for [M 2
2Haryl]
2z, [M 2 HarylHalkyl]
2z, and [M 2 2Halkyl]
2z. The
[M 2 2Haryl]
2z ion dominates, accounting for more than
75% of the [M 2 2H]total
2z (see Table 5).
As shown in Table 1, the [M 2 2Haryl/alkyl]total
2z signal
for ring-deuterated methyl benzoate (3) is lower than
that of the other benzoates (10% vs. 18%). Most of this is
due to the lower relative abundance for [M 2 2Haryl]
2z
from C6D5CO2CH3 (3), 8.1%, compared with
C6H5CO2CD3 (2), 15.0%. In addition, the abundance of
the [M 2 HarylHalkyl]
2z ion is lower for C6D5CO2CH3 (3)
(1.5% vs. 2.0%). These lower abundances may result
from a primary kinetic isotope effect associated with
initial abstraction of deuterium from the aromatic ring.
This is consistent with previous studies involving C6D6
[4]. For benzene, deuteration decreased the overall
reaction efficiency, and the [M 1 O 2 D]2 reaction
channel increased relative to [M 2 2D]2z. Many iso-
meric forms are possible for the [M 2 2Haryl]
2z and
[M 2 HarylHalkyl]
2z products. Reactions with O2 and
CO2 suggest that more than one isomer exists, and the
[M 2 2Halkyl]
2z ion, in particular, is unreactive towards
O2 [24]. This may account for the presence of small
amounts of [M 2 2H]2z at long reaction times on the
FT-ICR (see Figure 3B).
[M 2 3H]2 and [M 2 2H 2 CO2]
2z Ions
The spectrum of methyl benzoate shows a peak at m/z
133, which results from net loss of three hydrogens, as
supported by exact mass measurements on the FT-ICR
(see Table 2). No evidence for an [M 2 2D 2 H]2 peak
at m/z 136 is found in the spectrum of ring-deuterated
methyl benzoate (3), whereas a peak at m/z 134, [M 2
2D 2 H]2, is observed in the spectrum of trideutero-
methyl benzoate (2). These labeling experiments show
that two methyl and one ring hydrogen are lost. For-
mation of this product may be initiated by an Halkyl-
atom abstraction, which is followed by aromatic ring
attack (see Scheme 11). Radical reactions involving
cyclization to generate a 5-membered ring are observed
from aryl–alkyl radical precursors [35]. Loss of an Haryl
atom and deprotonation at the methylene site would
yield the resonance-stabilized [M 2 2Halkyl 2 Haryl]
2
product.
Another product appears at m/z 90 in the spectrum of
methyl benzoate. The ion has the elemental composi-
tion C7H6
2z, as supported by exact mass measurements
on the FT-ICR (see Table 2), and has been assigned
[M 2 2H 2 CO2]
2z. This peak remains at m/z 90 in the
spectrum of methyl benzoate-carboxy-13C (4) and
methyl [18O2]benzoate (5), but shifts to m/z 91 in the
Scheme 9
Scheme 10
Table 5. Aryl vs. alkyl hydrogen loss in [M 2 2H]2z
a
[M 2 2Haryl]
2z [M 2 HalkylHaryl]
2z [M 2 2Halkyl]
2z
C6H5CO2CD3 85 (64)%, [M 2 2H]
2z b 11.4 (60.7)%, [M 2 HD]2z 3.4 (60.3)%, [M 2 2D]2z
C6D5CO2CH3 79 (61)%, [M 2 2D]
2z c 14.6 (60.4)%, [M 2 HD]2z 6.9 (60.7)%, [M 2 2H]2z
a
Abundances corrected for 13C-isotope contributions and incomplete labeling; n 5 3.
b
Isobaric with [M 1 O 2 CD3]
2; corrected using [M 2 2H]total
2z /[M 1 O 2 CH3] from methyl benzoate.c
Isobaric with [M 2 H2D]
2; corrected using [M 2 2H]total
2z /[M 2 3H] from methyl benzoate.
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spectrum of [13C]methyl benzoate. These results con-
firm that the peak results from loss of the carbonyl
group with retention of the methyl group carbon.
Spectra of the ring-deuterated methyl benzoate (3)
shows ions at m/z 93 and 94, and elevated abundances
are observed at m/z 92 and 93 from trideuteromethyl
benzoate (2), providing evidence for formation of two
isomers, C7(Halkyl)3(Haryl)3
2z and C7(Halkyl)2(Haryl)4
2z.
Both ions in the spectrum of ring-deuterated methyl
benzoate (3) are quenched by reaction with O2; how-
ever, the C7(Halkyl)3(Haryl)3
2z isomer (m/z 93) is found to
react more rapidly [24]. While the initial ratio of
C7(Halkyl)3(Haryl)3
2z/C7(Halkyl)2(Haryl)4
2z is equal to 1, the
ratio decreases to 0.4 with 10% O2 present. Both prod-
ucts also react with CO2 [24]. We have also observed the
[M 2 2H 2 CO2]
2z product in the NICI spectrum of
phenyl benzoate; however, no hydrogens from the
phenoxy group are lost in conjunction with loss of CO2.
A mechanism that rationalizes formation of the [M 2
2Haryl 2 CO2]
2z products from methyl and phenyl ben-
zoate involves initial formation of the [M 2 2Haryl]
2z
radical anion, which decarboxylates with transfer of a
methyl (or phenyl) radical, as shown in Scheme 12a.
Formation of the [M 2 HalkylHaryl 2 CO2]
2z product
from methyl benzoate may involve the intermediate
invoked to rationalize production of the [M 2 3H]2
product in Scheme 11. If an Haryl
1 transfer occurs within
the cyclized-hydroxide complex, this may initiate the
anionic decarboxylation reaction shown in Scheme 12b
resulting in production of an a,2-dehydrotoluene anion.
The radical site in this later product would be delocal-
ized, and may explain the reduced reactivity towards
O2 of the m/z 94 product, generated from ring-deuter-
ated methyl benzoate (3), relative to the localized aryl
radical at m/z 93.
Conclusions
We have found that O2z reacts with methyl benzoate to
produce an array of products. Most prominent are the
displacment of hydrogen from the aromatic ring and
reactions at the carbonyl carbon, characterized by a
radical, b-fragmentation with elimination of the phenyl
or methoxy radical. The percent SN2 attack, measured
relative to BAC2 (21 6 1%) is higher for O
2z than OH2.
IPSO oxide attack generates the phenoxy anion. Notable
features of the spectra include the production of a
variety of radical anions, including [M 2 2H]2z, [M 1
O 2 HOCH3]
2z, C6H4O
2z, and [M 2 2H 2 CO2]
2z. Iso-
mers of the [M 2 2H]2z ion may be precursor to the
[M 2 2H 2 CO2]
2z and [M 2 2Halkyl 2 Haryl]
2 ions.
The [M 2 2H]2z ion was found to contain contributions
from [M 2 2Haryl]
2z .. [M 2 HarylHalkyl]
2z . [M 2
2Halkyl]
2z. The spectra were found to be sensitive to the
presence of O2, with the radical anions reacting selec-
tively with O2, and only the [M 2 2Halkyl]
2z showing no
reactivity. An Haryl 2 Halkyl exchange was observed in
the spectra of ring-d5 and trideuteromethyl benzoate,
which was rationalized as involving an Halkyl abstrac-
tion that occurred within the dehydrobenzoate anion-
methanol ion–dipole complex.
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